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Introduction
It is a well-established fact that …rm entry behaves in a pro-cyclical way while markups move countercyclically. 1 Motivated by this evidence, a novel line of research has stressed the role of …rm entry and creation of new varieties in propagating business cycle ‡uctuations. Prominent contributions in this area, including Jaimovich and Floetotto (2008) , Colciago and Etro (2010) and Bilbiie et al. (2012) , argue that accounting for …rm entry ameliorates the performance of theoretical economies in replicating the dynamics observed in the data compared to standard (…xed-variety) business cycle models. Yet, a lot remains to be done. Endogenous entry models are still relatively unsuccessful in capturing the high volatility of markups observed in the data. Besides, they fail to capture the persistence and synchronization of macroeconomic variables simultaneously. This note makes a …rst step in this direction by showing that a sticky price model of endogenous entry can match these stylized facts better than was previously thought. As will become apparent soon, an appropriate speci…cation of entry costs is essential for this purpose.
Early studies have stressed the business cycle implications of entry in a setup characterized by As is common practice in endogenous entry models, I consider an economy where producers are subject to a sunk entry cost, a one-period production lag and an exogenous exit shock. Each of them produces a unique variety in a monopolistic competitive market and sets the price of his product subject to nominal rigidity à la Calvo (1983) . Financial markets are complete. Following Bergin and Corsetti (2008) , I assume that starting-up a new …rm requires entrants to buy a basket of investment goods whose composition may di¤er from that of the consumption basket. Entry costs therefore vary with the price of investment goods. This assumption represents the main departure from a setup à la Bilbiie et al. (2007 Bilbiie et al. ( , 2012 where entry costs are speci…ed in units of labor. I will argue below that it plays an important role in the model by in ‡uencing the extent to which entry costs are subject to nominal rigidity. Lewis (2009) . The counter-cyclical behavior of markups is documented, among many others, by Rotemberg and Woodford (1999) and Bils (1987) . 2 How to model entry costs is an open question well beyond the scope of this paper. Cavallari (2012b) shows that
Simulations show that my baseline model matches the dynamics observed in the data fairly well. Remarkably, it overcomes the di¢ culties common to standard business cycle and endogenous entry models in capturing the persistence, smoothness and cyclicality of macroeconomic variables.
Besides, it matches the synchronization of entry and markups. I stress that sticky prices are essential for these results.
The remainder of the paper is organized as follows. Section 1 presents the model and discusses the solution strategy. Section 2 illustrates the performance of the model in reproducing the dynamics in the data. Section 3 contains conclusive remarks.
The economy
I consider a closed economy version of the model in Cavallari (2012) . The economy is populated by a continuum of agents of unit mass indexed by i. Firms are monopolistic competitors, each producing a di¤erent variety j 2 (0; N ), where N is the number of …rms.
A typical agent supplies L t hours of work each period for the nominal wage W t and maximizes
where C is consumption and the subjective discount factor. The period utility is the additive-separable function Producers face an identical linear technology in the labor input y t (j) = Z t L t (j), where Z is an aggregate shock to labor productivity. In each period, in addition to incumbent …rms there is a …nite mass of entrants, N e : As in Ghironi and Mélitz (2005) , all …rms entered in a given period are able to produce in all subsequent periods until they are hit by a death shock, which occurs with a constant probability 2 (0; 1) :
In order to start the production in period t + 1, at time t an entrant needs to pay an exogenously given sunk entry cost f e . Following Bergin and Corsetti (2008) , this cost is speci…ed in units of investment goods. The creation of a new …rm requires purchasing f e units of a composite basket of
3 Without loss of generality, I follow this contribution and assume that capital required in the setup of new …rms depreciates completely after one period. Note that the composition of the investment basket may di¤er from that of the consumption basket, namely 6 = : Clearly, when = entry costs are the performance of endogenous entry models may not be robust to varying the composition of entry costs.constant in real terms (i.e. in units of consumption), a case examined by Auray and Eyquem (2011) and Bilbiie et al. (2007) . As will be clear soon, the composition of investment goods has relevant consequences for the dynamics of the model.
Entrants are forward looking and decide to start a new …rm whenever its real value, , given by the present discounted value of the expected stream of pro…ts fd s g 1 s=t+1 , covers entry costs:
The free entry condition holds as long as the mass of entrants in positive. Macroeconomic shocks are assumed to be small enough for this condition to hold in every period. Note that upon entry, …rms' pro…ts vary and may even turn negative for a while. This is a key di¤erence relative to early models of frictionless entry, where the absence of sunk costs leads pro…ts to zero in every period. The timing of entry and the one-period production lag imply the following law of motion for producers:
Finally, I assume complete …nancial markets. Agents can invest their wealth in a set of nominal state-contingent bonds, B; that span all the states of nature . In addition to bonds, they hold a share s of a well-diversi…ed portfolio of …rms. The budget constraint of a typical agent i is given by:
where q is the bond price.
Equilibrium conditions 2.1.1 Consumers
Consumers'…rst order conditions are given by:
Firms
Each producer sets the price for its own variety facing a downward-sloping market demand y t (j) = Pt(j) Pt (C t + t N e t ): I introduce nominal rigidity through a Calvo-type contract. In each period a …rm can set a new price with a …xed probability 1 which is the same for all …rms, both incumbent …rms and new entrants, and is independent of the time elapsed since the last price change. In every period there will therefore be a share of …rms whose prices are pre-determined. 4 Each …rm sets the price for its own variety so as to maximize the present discounted value of future pro…ts, taking into account market demand and the probability that she might not be able to change the price in the future, yielding:
The above expression can be re-arranged in a more familiar form as:
Clearly, when = 0 optimal pricing implies a constant markup 1 on marginal costs at all dates.
With > 0, prices respond less than proportionally to a marginal cost shock, implying time-varying markups.
Aggregating (9) across …rms and using the de…nition of P yields the Calvo state equation corrected for …rm entry:
Note that an increase in the number of producers over time reduces consumer prices and the more so the higher the elasticity . 5 This is a consequence of love for variety: a wider range of varieties raises the value of consumption per unit of expenditure, implying a fall in aggregate prices. An analogous state equation holds for the price of investment goods P K :
Aggregate constraints
De…ne real GDP as Y R N 0 P (j) P y(j)dj. Goods market clearing requires output to equalize aggregate demand, Y t = C t + N e t t : Labor market clearing implies:
The model is closed by specifying a monetary policy rule. I assume the monetary instrument is the one-period risk-free nominal interest rate, i t , and monetary policy belongs to the class of feedback rules.
The log-linearization
The model has no closed-form solution. It is log-linearized around a symmetric steady state with zero in ‡ation where stochastic shocks are muted at all dates, Z t = 1 (the steady state and the log-linear model are in the Appendix).
The Euler equation for bond holdings is given by:
where a hat over a variable denotes the logdeviation from the steady state, t+1 = ln P t+1 =P t is in ‡ation and E is the expectation operator. In (12) , an increase in the real interest rate raises the return on bonds, therefore making it more attractive to postpone consumption in the future.
The Euler equation for share holdings is:
Arbitrage in …nancial markets equalizes the real returns on shares and bonds at all times.
Labor supply is given by:
Using the de…nition of GDP and the labor market equilibrium (11), it is convenient to derive an
t where b P t;t ln P t (j)=P t is the real price of each variety.
Consider now the optimal price (8). Using market demand and (7), re-arranging and linearizing
gives:
where b P t;t+k = ln P t (j)=P t+k . Note that by de…nition b P t;t+k = b P t;t k P s=1 t+s ; namely changes in real prices are given by the so-called variety e¤ect, the …rst addend, less in ‡ation. Using (10), the variety e¤ect is:
With = 0; an increase in the number of producers raises the real price of each variety and the more so the lower the elasticity of substitution . Note that sticky prices can alter the dynamics of variety e¤ects, increasing their persistence through in ‡ation as well as through current and lagged changes in the stock of producers. Combining the two equations above and re-arranging gives the new-Keynesian Phillips curve corrected for …rm entry:
where
: An analogous expression holds for in ‡ation in the investment sector,
where replaces . A log-linear approximation to the number of entrants is obtained from the aggregate resource constraint:
b
Note that there is a trade-o¤ between investments in new varieties and consumption of existing goods (the coe¢ cient on C is negative).
The law of motion of …rms is:
Optimal pricing (8) together with the de…nition of aggregate markup
dj yield a useful expression for markups:
Markups rise above the steady state level so long as variety prices grow more rapidly than in ‡ation.
As will be apparent soon, markup movements play a key role in the model. To begin with, they a¤ect the expected dividends from investing in a new …rm, in ‡uencing entry behavior through the free entry condition (1) . A change in the stock of producers over time, in turn, modi…es the allocation of resources between production of existing goods and creation of new varieties. Last but not least, markups coincide with the inverse of the labor share,
. One can therefore substitute away the real wage in (7) and together with the GDP de…nition obtain an expression for aggregate labor. In log-linear terms, this gives : 
As is well-known, the Wicksellian policy can be implemented recurring to a credible threat to deviate from a zero in ‡ation target, i.e. i t = e i t + # t with # > 1.
Simulations and conclusions
The model is simulated using …rst-order perturbation methods. In line with real business cycle models, I consider productivity shocks as the main source of business cycle volatility, abstracting from interest rate innovations.
Calibration
The model is calibrated to the United States. In the simulations, periods are interpreted as quarters 
Moments
To evaluate the properties of the model, this section computes the second moments of key macro- In comparing the model to properties of the data, theoretical variables are divided by the relative price P (j) t =P t so as to net out the e¤ect of changes in the range of available varieties (for any variable X the corrected measure will be X R t = P t X t =P (j) t ). As stressed by Ghironi and Mélitz (2005) , the correction is necessary because statistical measures of CPI in ‡ation are unable to adjust for availability of new products as in the welfare-based price index. In the model, investments are measured by the real value of household investments in new …rms ( R N e ). Table 1 reports statistics of the model's arti…cial time series together with statistics in US data.
As with the data, statistics refer to Hodrey-Prescott …ltered variables with smoothing parameter of 1600: The …rst column displays the moments implied by the baseline model, the second column refers to the ‡exible price economy, the third column reports the moments generated by the BGM model and the last column reports US data from Table 1 in Rotemberg and Woodford (1999). The benchmark model matches the dynamics observed in the data fairly well. 7 It replicates the volatility, persistence and synchronization of consumption, hours, investments and markups, overcoming the well-known di¢ culties of business cycle models to reproduce these facts simultaneously.
In this respect, it fares better than the BGM model. Markups, however, are far more counter-cyclical than in the data.
To get an intuitive account of the functioning of my model, consider a positive technology shock.
More favorable business conditions attract new entrants in the economy, translating into a gradual increase in the number of producers over time (see equation (16) ). This in turn pushes on labor demand, raising wages and marginal costs. As sticky prices will adjust only gradually, …rms'markups need to decline (see equation (17)). The drop in markups is more accentuated the slower the adjustment of prices (large ) and the higher the demand elasticity (large ). shown this stylized fact in models with endogenous entry without relying on the sticky price assumption. 8 In these contributions, however, markup volatility is typically underestimated. Colciago and Etro (2010) stress the need for further work on the microfoundations of market structure in order to match the volatility of markups better. The …ndings in Table 1 suggest that nominal frictions may play an important role in this regard.
Comparing theoretical moments in the baseline and the ‡exible price speci…cation provides interesting insights on the role of nominal rigidity. The performance of the model deteriorates with ‡exible prices, displaying too low volatilities of hours and investments compared to the data while the volatility of consumption is excessive. A low volatility of hours worked arises as a consequence of smoothing labor e¤ort over time. Agents have a strong incentive to stabilize their labor supply so long as real wages are stable over the cycle (as is apparent in equation (9) with = 0).
The volatility of investments and consumption re ‡ects the ability of agents to use inputs where they are most productive. With ‡exible prices, they are able to shift resources costlessly between production of existing goods (used for consumption) and creation of new varieties (used for investment).
A positive shock to technology therefore induces agents to move production e¤orts towards existing goods. 9 Sticky prices, by a¤ecting the real costs of acquiring investment goods, may alter this incentive. I have checked the robustness of the model to varying the composition of investment goods by experimenting with entry costs …xed in units of consumption (i.e., = ) so that P K =P = 1.
The performance of the model deteriorates displaying excessive volatility for consumption (equal to 0.89) and too low volatilities for hours and investments (equal to 0.28 and 0.22, respectively).
The reason is similar to that in the ‡exible price economy. With …xed entry costs, a rise in aggregate productivity implies a higher productivity in the sector that produces existing goods. Agents have therefore a strong incentive to move resources towards current production. Di¤erences in the composition of the consumption and investment baskets are therefore essential for mitigating this incentive and reproducing the dynamics of investments observed in the data.
In contrast with the …ndings above, Bilbiie at al. (2007) show that the moments implied by their model are very similar with sticky and ‡exible prices. The reason is a di¤erent account of the extent to which nominal frictions a¤ect entry costs and investment behavior. In the BGM framework, labor entry costs imply a direct link between asset prices and in ‡ation that is absent in my setup. Consider for instance a temporary drop in the nominal interest rate that reduces the real return on bonds and shares. In the BGM model, the fall in the return on shares is brought about by an increase in today's price of equity relative to tomorrow's that discourages entry of new …rms. The price of equity (the value of the …rm) is tied to labor marginal costs by the free entry condition, therefore marginal costs rise, markups fall and, through the Phillips curve, in ‡ation boosts. Sticky prices will a¤ect entry only marginally whenever simple monetary rules manage to control in ‡ation, as is the case with Taylor rules. This need not be the case in a setup like the one in this paper where the price of equity is not directly related to labor marginal costs.
The importance of sticky prices for …rm entry is consistent with a recent evidence stressing a negative correlation between investments in new …rms and monetary policy innovations (see Bergin and Corsetti (2008) and Lewis and Poilly (2012) and Uusküla (2010) ). These studies show that modeling …rm entry in a setup with sticky prices allows to reproduce impulse responses in line with the evidence above. However, they do not provide a quantitative assessment of the performance of sticky price models as is done in this note.
Conclusions
This note studied the synchronization of …rm entry and markups in a dynamic stochastic general equilibrium model with nominal frictions. Simulations show that the model matches the comovement of markups and entry observed in the data while at the same time reproducing empirically plausible moments for key macroeconomic variables. I stress that sticky prices are essential for these results.
The ability to match stylized business cycle facts is important especially when using the model for policy evaluation. My …ndings suggest two implications in this regard. First, sticky price models with endogenous entry may perform better than was previously thought. Second, the extent to which entry costs are subject to nominal rigidity may alter the transmission of business cycle ‡uctuations.
Rethinking the way entry costs and nominal rigidity are jointly modeled remains high on the research agenda. 
Loglinear model
Loglinearized conditions for households are:
Loglinearized conditions for …rms are:
b t = (1 ) b P t;t+1 b P t;t + E t t+1 t = M C t + (1 ) E t t+1
where M C denotes an index of current marginal costs de…ned by the term in squared brackets in equation (14) in the main text and =
(1 (1 ))(1 ) ('+ )
.
Other log-linear equilibrium conditions are:
